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Abstract 
The CSP technology based on parabolic trough solar collector for large electricity generation purposes is currently the most 
mature of all CSP designs in terms of previous operation experience and scientific and technical research and development. The 
current parabolic trough design deals with a maximum operating temperature around 400ºC in the absorber collector tube but 
some recent designs are planned to increase the working temperature to 600ºC increasing the performance by 5-10% to attain the 
improved productivity that the market demands .These systems are expected to be working during 20-25 years. 
One of the key points of the receiver is the stack of layers forming the selective absorber coating. Typical optical values for this 
coating are >95% of absorbance and 10% of emittance at 400ºC. In the HITECO EU funded project a new modular concept of 
collector is being tested. With this new design the coating has to fulfill new requirements as the collector will be working at 
600ºC and in a low vacuum of 10-2 mbar. The authors from IK4-Tekniker have collaborated in the HITECO project building a 
sputtering system to upscale these new coatings to 4 meters long tubes for the application in a set of experimental collectors, 
being the project coordination done by ARIES Ingeniería y sistemas S.A. 
However, there is a great lack of knowledge about the performance of the absorber coatings during the whole life of the receiver. 
So, it is necessary to establish characterization methods and standards to guarantee the performance, durability and quality control 
of high temperature coatings. For this purpose, a new EU funded project called NECSO, aims to design accelerated ageing 
protocols to test the evolution of these coatings under more aggressive conditions in the new designs. 
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Nomenclature 
AM Air Mass 
CSP Concentrating Solar Power 
FESEM Field Emission Scanning Electron Microscope 
IR Infrared 
PVD Physical Vapour Deposition  
 
1. Introduction 
According to the EC’s Strategic Energy Technology Plan (SET-Plan), no single measure or technology will be 
sufficient to achieve the 2020 objectives and as such there are several pathways towards a low carbon economy. 
Solar energy, and concentrated solar power (CSP) in specific, is on the verge of becoming more competitive and 
gaining mass market appeal. 
The CSP technology based on parabolic trough solar collector for large electricity generation purposes is 
currently the most mature of all CSP designs in terms of previous operation experience and scientific and technical 
research and development. As a result, this technology has led the way to a world-wide extended implementation of 
CSP technologies: more than 2800MW are currently operating and more than 6 GW are estimated to be 
commissioned in the next 5 years. This means to have around 12000-16000 km of solar receivers. The current 
parabolic trough design deals with a maximum operating temperature around 400ºC in the absorber collector tube 
but some recent designs are planned to increase the working temperature to 600ºC increasing the performance by 5-
10% [1] (on the classical plants performance around 12-14%) as this is considered to be the only way to attain the 
improved productivity that the market demands [2][3][4]. These systems are expected to be working during 20-25 
years.   
One of the elements governing the parabolic through performance is the solar selective coating which is 
responsible of the solar radiation absorption. For efficient photothermal conversion solar absorber surfaces must 
have high solar absorbance and a low thermal emittance at the operational temperature, typical values for efficient 
technologies are: absorbance >0.95 and emittance around 0.1 at 400ºC [5]. Current technology is limited to 400ºC by 
the oil used as heat transfer fluid. In new concepts (molten salts or water vapor) higher temperatures could be 
reached, which can improve the overall solar to electric efficiency [6]. As a consequence, new selective coatings 
have to be designed for higher temperatures. 
There are 3 main types of approaches which potentially could fulfill the requirements of stable performance for 
solar absorber at temperatures >400ºC: Semiconductor-metal tandems, multilayer spectral selective absorbers 
(MSSA) and metal-dielectric composite coatings (cermets). Although, the research on semiconductor-metal tandems 
and MSSA showed promising results in terms of optical properties their stability at high temperatures is still to be 
determined. Thus, cermets are currently viewed as the most realistic alternative to be used as solar selective coatings 
[7]. The highly absorbing cermets are dielectric or ceramic matrices containing micro or nano metal particles or a 
porous oxide impregnated with the metal. Typical solar selective coatings for mid-high temperatures comprise solar 
absorbent alloys (AlNx, MoOx, WOx, TiAlN, ZrCNx, Mo, W, Ni, Co, Si, Ge) in combination with transparent 
dielectrics (SiO2, TiO2, Al2O3) having  different coating structures as single and multiple cermet [8] and graded 
layers [4][9]. The basic structure of a cermet-based absorber from bottom to top, consists on a SS substrate, a 
diffusion barrier layer, an IR reflection layer to reflect back IR irradiance from the substrate minimizing losses, a 
cermet absorber layer and a top antireflection layer.  
1.1. New designs for higher temperatures: the HITECO project 
To overcome the current limitations in the technology HITECO project [10] (New solar collector concept for high 
temperature operations in CSP applications”, funded by the European Commission under the 7th Framework 
Programme develops a new solar receiver [2] with the aim to increase the parabolic-trough efficiency, reaching the 
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limitations of current designs and improving the optical, mechanical, and thermal performance of the receiver and as 
a consequence the performance and the energy efficiency of parabolic trough plants. 
The solar receiver will be assessed from both the operating profitability and the manufacturing feasibility points 
of view, taking into account the barriers for the new development such as industrial processes involved, viability for 
the application of materials, logistics and assembly processes. The implementation of the absorber tube developed 
under HITECO will be directly correlated to the reduction of electricity costs, making CSP plants economically 
feasible. This reduction will come from an increase in efficiency and from a reduction in the CAPEX and OPEX, 
validating the solar receiver in order to create a product easier and less expensive to fabricate and to assemble. The 
focus is to follow a design-to-cost strategy. 
In this context this contribution shows the advances achieved in the HITECO project on the development of 
equipment and coatings for parabolic through solar absorbers. 
2. The HITECO concept 
To increase the general efficiency the thermal fluid must be capable of operating in temperatures upwards of the 
current values (around 400ºC). HITECO proposes to work near 600ºC using molten salt that is widely used in the 
energy accumulation in the commercial plants installed with parabolic-trough technology.  
Additionally, HITECO project re-examines existing solar field dimensions and other conventional figures (as the 
dimensions of the solar collector and the absorber tube) to provide the optimum solution for energy obtainment with 
minimal cost, reducing with that the cost of the energy produced. 
2.1. Innovations and general description 
The innovations of HITECO project are focused in to increase the performance, to have simpler systems and 
make the device more reliable, acting on the working temperature, the vacuum of the chamber and the entire 
mechanical design. HITECO´s absorber tube [2] integrates several innovative concepts in its design. Among these 
concepts, the most representative are: 
• A new geometrical approach that means units of 12 meters length rather than 4 meters in current designs. 
• Total independence between the internal tube (steel) and external tube (glass).  
• Dynamic vacuum in the interanular space; current concepts make the vacuum in the manufacturing process.    
• Less severe working conditions, smaller vacuum requirements. 
• Flexible in operation, between others usable with any HTF. 
• Continuous control of the state of the tube monitoring the performance. 
• Simplifying the manufacturing and assembling, without expensive process during manufacturing. 
In a solar absorber tube during normal operation the energy losses came from the radiation and the combined 
effect of convection and conduction. In order to limit the latter, the current concepts utilize a high vacuum inside the 
interanular chamber called vacuum isolation chamber. In current concepts, under normal working conditions, the 
initial vacuum rate decreases during the working life due to: a) the degasification of surfaces, b) the effect of 
permeation of the hydrogen produced by the cracking of thermal oil and the indeterminate efficiency of getters, and 
c) due to the entry of air from the outside because the limited tightness of GTMS sealing and its fatigue. These 
negative effects create a drain on global solar field performance and, when the system is totally out of range, a high 
cost in the replacement of failed components.  
The innovations of HITECO´s absorber tube, relative to have a continuous open chamber means to have a 
dynamic vacuum achieving total independence between the internal steel tube and its external glass tube. This means 
that using a dynamic vacuum process, the vacuum level and the gas composition inside the chamber is maintained in 
an acceptable working range with minimal energy loss (conditions tested in an off-sun bench test). This vacuum 
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doesn’t need to be done continuously; on the contrary, the operation would have a large periodicity with a little 
energy consumption, achieving minimal maintenance by the use of conventional pumping systems. 
Mechanically, due to the independence between the internal and external tube, there is not necessary bellows to 
compensate the difference in expansion between materials. Thus when the expansion of the steel tube is produced, it 
slides through supporting pieces that are placed every six meters. This internal piece operates like an isolation 
system, while simultaneously keeping the tube in the theoretical focal point. The external tube and glass tube slightly 
increase in length, however, absorbing the effect are the seal joints, one of the components that composes the bridle 
attachment system. 
2.2. Advantages of HITECO absorber tube 
The advantages of HITECO`s absorber encompasses progression in CSP technology in the areas regarding the 
efficiency the reliability and the manufacturing price. 
Efficiency: It’s increased because the effective length of the absorber tube is greater (effective length in 
convectional approaches are (approximately) 2% minor to HITECO at incidence angle=0°) and, on the other hand, 
there are no losses by misalignment with the theoretical focus in the parabola, because tube is constantly in optimal 
position. Besides, it should be considered the raise in the working temperature. 
Reliability: The capacity to make vacuum in the chamber, dragging with the operation the hydrogen formed, and 
the less severe working conditions because the working internal pressure is not in the range of 10-4 mbar, but 10-2 
mbar in air or even bigger if an typical isolation gas is used, are the key for the increase in the reliability. At the end, 
the system always works in controlled and less critical conditions. 
Manufacturing price will be less than in current concepts because the device is simpler, needs less components, 
the use of getters (not needed to retain the hydrogen produced) and glass to metal unions are eliminated and the 
welding processes is reduced. The components that form the absorber tube are mainly conventional, widespread and 
available in the industry, and simple to fabricate. Thus creating an economical advantage and fostering a lower 
functional failure rate. Additionally, the HITECO absorber tube concept doesn’t need a complicated manufacturing 
process. It can be installed near the solar field because instead a complicated manufacturing process, HITECO 
absorber tube need only an assembly area. 
 
 
Fig. 1. Functionality scheme. 
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2.3. Next steps and goals  
The solutions and components developed will be reevaluated through several modeling approaches, lab-scale, and 
validation tests to demonstrate the previous analysis. The testing process is divided in two steps: first step, off-sun 
test in laboratory, in which the concepts and the values obtained by modelization will be correlated with the 
experimental results and second step, on-sun test, in which a set of solar collectors will be tested in a solar field in 
normal operating conditions The results will come from the values of thermal gains and losses and confirming the 
receiver tube concept. 
High performance at a low price is the goal of the project, because the future of the technology lies in analyzing 
old concepts, proposing steps that inspire renovation and with the ultimate goal of reducing the cost of energy 
produced by CSP technology. 
3. New protocols for high temperature receivers. The NECSO project 
In a synergic scenario and up to date there is not any systematic approach to the nanoscale characterisation and 
aging behaviour of high temperature selective coatings the EU funded project called NECSO are being developed by 
the authors. The role of IK4-Tekniker is to manage the project coordination and ARIES Ingeniería y sistemas S.A. is 
the company that represent the end user of the technology. The main effort has been done in the development of 
coatings measuring optical properties but a basic understanding is of great importance to get further developments 
and to face the challenges that this technology presents nowadays. A few entities have developed some testing 
protocols for their own purposes, for example for thermal stability [11] or for ageing in air (at 550ºC during 1000 h) 
[12], without control of the gas mixture and therefore, with limited knowledge based approach. The effort towards 
standardisation and nanoscale understanding of the NECSO project should mark an inflexion point for these 
developments. 
Newer designs that involve working at higher temperatures (reaching 600ºC) in order to increase the efficiency in 
power generation pose added requirements upon the components of the receiver, specially on the absorber coating, 
in terms of thermal stability. All of the layers will be subjected to harder requirements. 
The main idea behind this NECSO project is to provide tools to the end users namely solar plants builders, to 
guarantee that the selective coating will work properly during 20 to 25 years. Novel experimental methods for 
testing materials under extreme conditions (temperature and radiation) are needed providing a deeper understanding 
of the interaction of electromagnetic radiation with nanomaterials, as basis for design of new spectrally selective 
absorber coatings. Nanoscale characterisation will correlate the nanostructure parameters with coating performance. 
The resulting outcomes are expected to contribute significantly to the infrastructure of the solar energy research, 
development and industrial activities worldwide. Additionally, the designed testing protocols should help coating 
developers to compare available layers and newly designed ones, with standard procedures. Finally, testing 
procedures will also be of utter importance to have a fast quality control on the coatings, typically in 4 meter tubes, 
over some tens of kilometres in a common cylinder parabolic solar project. 
4. Development of equipment preindustrial coatings 
In order to develop the selective absorber coatings in the HITECO project a preindustrial PVD sputtering system 
prototype was designed and manufactured by IK4-Tekniker to be able to upscale these new coatings to 4 meters long 
tubes for an experimental loop. 
The prototype was designed to deposit by sputtering the different layers that make up the solar absorber coating, 
that is, the diffusion barrier, the infrared mirror, the absorbent cermet coating and the antireflective layer on 4 m long 
tubes. 
The prototype has 4 sputtering evaporators for 4 different materials and a reactive deposition controller being able 
to obtain high deposition rates in the transition zone. 
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Figure 2 shows a general view of the equipment. The central module of the machine is devoted to the coating 
process, while the modules positioned at both sides, which are symmetrical, are used to get the pieces into the 
vacuum and to provide the necessary space for the motion. The tubes are loaded on one side of the chamber and are 
coated when passing through the central chamber with the tube moving back and forth between both ends of the 
machine. The motion combines the linear and rotary motion at the same time. A new design has been developed 
using linear guides and a linear to rotary coupling system fully compatible with vacuum.  
The central chamber has been manufactured to support 4 sputtering evaporators and the necessary vacuum pump 
and sensors. The evaporators are set two in each side of the chamber and the pump and sensors in the top of the 
chamber. The sputtering evaporators have an unbalanced magnetic field to improve coating properties. The magnetic 
field design improves the target erosion for a better use of the materials due to the cost for example of the silver 
layer. The evaporators are supplied by a Pulsed-DC power system with arc-handling to avoid the microarcs. It also 
includes 4 shutters to keep the target as clean as possible avoiding being coated with the evaporated materials. They 
will also let clean and stabilize the target prior to the deposition. 
The vacuum system is composed of a rotary vane mechanical pump, a roots mechanical pump, a turbomolecular 
vacuum pump and a Pirani/bayard-alpert gauge. A preliminary rough vacuum is done with the mechanical pumps 
and then the turbomolecular pump, which is bypassed to keep it functioning, will obtain the high vacuum needed to 
start the process. The base pressure of the system when it is cleaned is 1x10-6 mbar. A capacitive gauge, the most 
accurate and reliable sensor, is used for the process pressure control. Among all types of capacitive sensors, a 
ceramic type one has been chosen because its marginal zero drift. 
Inside the chamber, the distance between the tube and the evaporator is fixed for a good homogeneity of the 
coating in reactive processes. A gas diffuser system has been installed to have a good gas distribution, especially the 
reactive gases, along the evaporator, which is necessary to obtain a good quality film. The machine has a PC-PLC 
control system. The PC program has a recipe editor where all the parameters of the coating process are set. The 
whole process is automatic in order to get a more repetitive and reliable system.  
5. Development of coatings 
A stack of layers forming the selective absorber coating having a diffusion barrier, an infrared mirror, a cermet 
absorber and an antireflective layer was designed and deposited using the previously described equipment. 
Preliminary simulations had shown that a stack including two cermets with different amounts of metal content could 
reach a higher absorbance than using a single cermet, so it was decided that the optical stack would consist of an 
infrared mirror made of silver, in order to reduce the emissivity, followed by a high metal content cermet  (Cermet 
H), a low metal content cermet (Cermet L) and an antireflection layer made of SiO2, due to its very low index that 
would help to increase the absorption. 
 
Fig. 2. (left) general view of the PVD sputtering chamber manufactured; (right) detail of the central chamber. 
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For the cermets, Silicon Nitride was selected as dielectric, as it can be deposited easily from the same evaporators 
used for the anti-reflection layer, and Molybdenum as metal due to its refractory nature that is being already proved 
in commercial receptors. Both were evaporated simultaneously from rectangular magnetrons with targets 125x550 
mm. The magnetrons are unbalanced and magnetically linked, and were powered by a single Advanced Energy´s 
Pinnacle Plus power supply with dual output. The atmosphere was a mixture of Argon and Nitrogen and the power 
was pulsing at 75 KHz. 
In order to obtain cermets with different Mo content the power in the Silicon target was maintained at 2000 W 
and the power supplied to the Molybdenum target was varied in the 700-5000 Watts range. 
Prior to the optical stack, a diffusion barrier was deposited, which is necessary in order to avoid the diffusion of 
components of the steel tube to the optical stack while staying at the working temperature for long time. For these 
first trials alumina was used as diffusion barrier to take advantage of knowledge gathered in previous projects, 
although in the future we expect to substitute it with Silicon Nitride, as this uses to have a better performance as 
diffusion barrier and it would reduce the number of different targets necessary to apply the whole stack. The alumina 
was deposited reactively from an 125x550 mm. aluminum target, using pulsing DC at 75 KHz. and controlling the 
flow of oxygen by  plasma impedance control  using a Speedflow from Gencoa. 
5.1. Optical design of the selective absorber stack 
The silver layer was deposited on steel substrates and characterized in the 400-1100 nm range by ellipsometry, 
what serve us to state that the optical indexes of our silver layer closely matched that found in the literature, so in the 
following we used those indexes in the literature in the whole range in order to perform the simulations. 
Similarly, the Silicon Oxide layer was applied in a thickness close to that used in the stack on sapphire, in order to 
have a good contrast of indexes, and the results of transmission measurements in the 300-2500 nm range were used 
to determine its refraction index. 
 
 
Fig. 3. Optical indexes of the Cermets and antireflection coating. 
The cermet coatings were applied in microscope slides and samples of borofloat in thicknesses close to those used 
in the stacks, and the samples were characterized in transmittance and reflectance in the range 300-2500 nm using a 
UV/vis/NIR Jasco V-570 double beam spectrometer, with an integration sphere Jasco ISN-470, 60 mm in diameter. 
The results were transferred to the Thin Film Optics design software FilmWizard Professional, where they were used 
to adjust a model that allowed us to obtain their optical indexes. Subsequently, those indexes were used to calculate 
optimized stacks that include mixtures of the real cermets whose indexes were estimated using the Bruggeman 
 J. Barriga et al. /  Energy Procedia  49 ( 2014 )  30 – 39 37
model. Those estimated cermets were afterwards approximated by cermets obtained experimentally and the iterative 
process continues a few steps until it converges. 
As a result of this iterative process a  couple of Si3N4/Mo optimized cermets were obtained  which optical indexes 
n and k  are those in figure 3. Using silver as IR mirror and the two cermets and anti-reflection coating described 
above, two different optical designs (stack A and stack B) were obtained, having different distribution of 
thicknesses, but giving quite close results in absortance. The stack A was deposited using the coating equipment 
described in previous sections. Figure 4 shows a cross-section micrograph obtained by FESEM It shows a relatively 
thick, unoptimized, alumina diffusion barrier thicker than 200 nm, a silver layer of the order of 200 nm,  a relatively 
thick Cermet_H and two relatively thin layers on top corresponding to the Celmet_L and the SiO2, with adequate 
thicknesses to obtain the 95’2 % absorbance.  
 
 
Fig. 4. Cross-sectional view of the stack A. 
The curve describing the results for the Stack_A in figure 5 is an empirically measured curve obtained in samples 
attached to the 4 meters long tubes coated in the machine, that reaches an absorbance of 95’2 when weightened with 
the AM 1.5 spectrum. On the other hand, the curve for the stack B corresponds to a simulation that has not yet been 
materialized. The prospective absorbance is also of 95’2 but in this case a reduced emittance is expected. The quite 
different distribution of reflection minima in the spectral reflectance, caused by destructive interferences related to 
the thickness of each layer, clearly evidences that the two alternative designs found present very different 
distributions of layer thicknesses, although the global absorbance value obtained can be essentially identical. 
5.2. Homogeneity of the coatings 
For the best performance of the CSP system the tube must maintain the optical properties all along its length. This 
has been taken into account within the design of the PVD pre-industrial line. The design of the deposition system 
guarantees the homogeneity of the coating along the tube by moving the tube through the sputtering evaporators and 
rotating it at the same time. Figure 6 shows a coated tube with the HITECO coating on the left side, the center and 
the right side of the tube having the same color. As this is a color obtained by optical interference, the homogeneity 
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of the color is a clear indicator of homogeneity of the layers as small differences in coating thickness would produce 
different colors. 
 
 
Fig. 5. Normalized reflectance of the absorber stacks. 
Profilometry measurements were carried out using a Veeco Dektak 8 profilometer on absorber coatings deposited 
on microscope slides for the quantitative assessment of the homogeneity of the coating. Measured differences of 
thickness between points of located at both ends of the tube and at the center are <5% (less than 10 nm). 
On the other hand, for industrial applications the coatings are required to repetitive from process to process. This 
is more important with the cermet and antireflective layers which are the layers that absorb the light. Figure 7 shows 
the transmittance measurements of a cermet deposited on three processes with one month time between processes. It 
can be seen that the transmittance data are very similar so it can be assumed that the optical properties are very 
similar too.  
 
   
Fig. 6. Images of the left, center and right positions of the tube coated with the absorber showing an homogeneous distribution of the color. 
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Fig. 7. Transmittance of cermet layer deposited on different processes. 
6.  Conclusions and outlook 
A new design of tube collectors for CSP parabolic-trough technology is proposed for a reduced cost of energy 
production. The main advantages of the new design are the increased efficiency and reliability and reduced 
manufacturing costs. In the framework of the HITECO project a preindustrial sputtering chamber has been designed 
and manufactured to deposit the selective absorber coating in 4 m long tubes. The selective absorber coatings 
deposited with this equipment show good homogeneity all along the tube and repeatability between different 
processes. On the other hand a selective absorber coating was designed and deposited on 4 meter long tubes reaching 
an absorbance of 95.2%. Further work will involve the optimization of the solar absorber coating and the 
development, within the NECSO project, of new testing protocols to study the degradation mechanisms of high 
temperature absorbers in order to guarantee their performance during the expected lifetime of the tubes (25 years). 
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